>^  AO-A037  200 


UNCLASSIFIED 


BROWN  UNIV  PROVIDENCE  R I 
INTERACTIVE  COMPUTER  ORAPHICS. (U) 
DEC  76  A VAN  DAM 


F/«  9/2 


N 


N00014-75-C-0927 

NL 


I ^ a n iiu  a 1 

1 Jan  - Ji-  '>6 


irit(?iact  i ve  Corcpiitur  Giaphic.s 


tor  the 


Olitic:'^  at  Naval  RonoaLch 


C Oil  t c ac^  N>3'i?0 1 4- 7 5-C-  ?4  27^ 


Ror  iod 


Januaiy  1,  '\97’'>  - December  31,  1v76 


Submitted  by 

Audries/van  Dam  ] 
Proqtan  in  Ccitputer  Science 
Brown  University 
Providence,  P.l.  02912 


MAR  21  1977 


Copy  irvailable  tt>  DHC  dees  roi 
pWBlit  iuUy  logibla  i\.y;ouiulio« 


r jX'C'" 

Z’  Apprr  'o  toi  i-ubUo  ideas 

Cy  CP  ZJ  <y  Dist'ibuaon  Unlimited 


.1.:^  n 


■=dfl 


A.  TASK  OBJECTIVES 

^The  yoal  of  our  research  in  distributed  co:nputinij  is  to 
evolve  funddtrontal  concepts  as  well  as  i itplenieata tion  techniques 
for  improvinq  system  pertorinance  by  judicious  runtime 
distribution  ol  functicrs  to  pirccessors  and  to  levels  of  a 


hierarchical  cperatinq 
computinq  tasks  awon<) 
a.'nonq  thf'  many  levels 
sinqie  computer  is  a 
industrial,  military. 


sy.stem.  This  optimal  distribution  of 
t hb  various  processors  in  a network  or 
of  a hierarchical  operatinq  system  in  a 
critical  issue  in  current  and  future 
and  educational  computer  systems.  For 


example. 


I t/sat(?llitc  conf  iquratioiis  (consistinq 


. 1>^  rqe-scdle  time-shared  host  computer  and  a sot  of  small  but 
•'int  elliqent'*^  min  i- cem  p u ter  satellites)  and  networks  of 

heteroqeneouE  mainframe  ci  minicomputer  systems,  will  continue  to 
grow  in  importance. 


Our  objective  is  to  develop  tools  for  the  applications 
preqrammer  that  allow  both  the  estimation  of  performance 
improvements  of  potential  rriqrations,  either  horizontal 
(inter-processor)  or  vortical  (i nt ra -processor , between  layers  of 
the  hierarchical  system)  and  the  i mp le men ta tiou  of  the  most 
pcomisinq  migrations.  Furtliermore,  the  resultant  division  of 
labor  must  represent  a cost-effective,  reliable  use  of  the 
selected  configuration.  Through  cycles  of  design  and  experimental 
validation/tuning,  we  expect  tc  ptcduce  production  tools  and 
results  potentially  applicable  to  a range  of  modern  distributed 
architectures. 


B.  PROGRESS 


During  this  past  contract  period,  significant  progress  was 
made  towards  both  a bettor  understanding  of  fundamental  problems 
involved  in  horizontal  and  vertical  migration,  and  the 
development  of  tools  reeded  for  analyzing  these  problems  and 
actually  performing  migrations.  The  prototype  Interconnected 
Processing  System  (ICOPS)  was  used  to  run  a number  of  scenarios 
for  a real-time  (graphics)  applications  progr.im  under  varying 
loading  conditions  of  tie  IBM  360/67  time-shared  host.  Runtime 
execution  data  gathered  was  plugged  into  a "max-flow,  min-cut" 
commodity  network  graph  model  developed  ny  our  research  partner. 
Professor  Harold  Stone  of  the  University  of  Massachussetts,  and 
implemented  at  Brown.  The  optimal  oistribution  of  modules 
between  the  host  and  tie  runtime  satellite  was  then  calculated 
for  varying  load  conditions,  and  experimentally  verified  by 
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runtiire  miqL'atior  and  data  qatherinq.  Wo  now  fool  that  we  have 
ossontially  nolvod  the  two  ptocoiioor  dir.tcihuted  coniputinq 
problem,  iisinq  cur  unique  ICOPS  tools  which  becaiMO  available  this 
past  year.  Those  consist  of  an  ALGUL-W  compiler  lor  both  host 
and  satellite  which  can  make  £;yrri>ol  table  i nt  or  ma  tion  available, 
a runtime  monitor  for  ccmmunicatinq  between  modules  (both  inter- 
and  intra- prccesijor)  , qatherinq  statistics  and  performing 
miqrations,  and  a network  analysis  prcqrain  tor  i>red  ict  ing’  opt  i mal 
di£tiii)uticns. 

The  only  proi)leni  that  still  needs  to  l)0  solved  before  a 
fully  automated,  dynamic  load  distribution  system  can  bo  made 
available  is  that  of  prodictinq  host  CPU  availability  as  a 
function  of  easily  itieasried  p.ira meters.  We  have  round  that  tno 
usual  indicators  such  as  numbers  of  users  lcq<;ed  on,  averaqe 
queue  lenqths,  etc.,  are  not  qoed  predictors  i('r  determiainq 
relatively  stal)lo  time  intervals  of  CPU  availability  at  a qivon 
level.  Also,  ric  exact  sclution  usirq  commodity  networks  for  more 
than  two  processors  has  boon  developed,  sc  we  expect  to  continue 
our  work  with  Or.  Jeff  Uuzen  of  Harvard  at.ii  UGb  Systems  in  the 
arei  of  Queueing  Network  models  lor  muitiplt*  dedicated 
satellites. 

A successful  two  day  Workshop  in  Distributed  Processing  was 
held  at  brown  in  August  to  consider  related  projects  in 

multiprocessor  dynamic  loadsharinq.  Gome  twenty  invited 

participants  produced  papers.  Also,  w>.*  colloctea  a bibliography 
of  more  than  15C-  entries,  and  produced  transcripts  tor  the 
Comout^r  Architecture  Newsletter.  Transcripts  or  the  first  three 
sessions  wore  published  in  vol.  5,  no.  5,  Oecember,  VJ76  ; the 
transcripts  of  the  last  sessions  will  appear  in  darch,  1'J77.  A 
special  issue  of  lEEfl's  Computer  mag.izine,  to  be  published  in 
January,  1978,  will  carry  session  transcripts  and  invited  papers. 

In  the  area  of  vertical  migrations  the  STKUCT  system  was 
used  for  analyzing  our  satellite's  operating  system  to  improve 
its  performance  in  tie  context  ct  several  frequently  used 
applications  programs.  >:<j  developed  a methodology  this  past  year 
tor  systematically  exaniniru)  candidates  for  migration  <ind  then 
preiicting  the  performance  improvement  tor  the  mest  premising 
candidates,  primarily  nased  cn  havii.g  the  system  compute 
Instruction  Fetch  and  Decode  overhead  wnich  could  be  saved.  Wo 
also  started  to  understand  the  types  of  interactions  between 
migrations  which  occur  because  the  CPU-uso  of  levels  in  a 
hierarchy  changes  drastically  when  functions  in  lower  levels  on 
which  they  depend  are  migrated.  Because  of  these  interactions, 
vertical  migraticn  appears  to  be  i r t ri  iisica  11  y <ind  substantially 
more  difficult  th.in  horizontal  migration  and  we  need  to  do  much 
more  analysis  and  experimentation  before  we  can  develop 
production  tools  lixe  ICCFS. 
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H!,i  III  11  . II  . 


Finally,  in  t ho  area  ot  hiyh  po  rf  ornianco  graphics,  wo 
produced  an  GxtLomoJ>  pcworful  hierarchical  picture  data 
structure.  Our  honogrown  ni.itrix  and  d.ita  structure  processor, 
tho  SIMALE,  can  inter  pi  et  it  at  thirty  :r.»3t«^s  pec  second  to 
achieve  full  motion  dynanics  for  well  over  a thouii.ind  2li,  30,  or 
hD  vectors,  as  well  as  "logical  zocming"  via  ''extents,"  Extents 
are  alternative  representations  of  picture  components,  with 
varying  levels  of  detail  as  a function  ot  ti>e  amount  of 
magnification  of  the  total  i>icture.  Peal-time,  user-controlled 
animation  of  complex  scientific:  subjects  is  facilitated  by  using 
extents. 

! i 

i.  ' 

C.  PLANS  IN  BRIEF 
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Our  proposal  for  the  continuation  of  tnis  researen  program 
for  the  twelve-month  period  of  April  1,  1977  - March  31,  197d, 
has  been  submitted. 

In  the  area  ol  dynamic  horizontal  migration  for 
host/satellite  systems,  we  will  tackle  the  one  remaining  problem, 
that  of  determining  host  CPU  availability.  we  will  probably  have 
to  modify  Brown's  production  operating  system  (CP/CMS)  in  order 
to  insert  some  probes  which  can  give  us  meaningful  guantitative 
input  to  our  network  and  gueueing  models. 

In  the  area  of  vertical  migration,  wc  will  add  additional 
analysis  software  to  make  STRUCT  a mere  powerful  predictor  of 
performance  improvement.  At  the  same  time,  we  will  start  a now 
phase,  the  paper  design  of  a hierarchical  operating  system,  to 
help  understand  what  factors  were  involved  in  making  a function 
intrinsically  migratable,  and  how  one  assesses  secondary 
interactions  between  migrated  functions.  We  will  also  look  at  a 
variety  of  modeling  disciplines  to  see  which  one  might  help  us  to 
be  more  analytical  and  quantitative  about  vortical  migrations. 

Finally,  under  the  aegis  of  NSF's  Office  of  International 
Programs  grant  #OIP73-0226d  A02,  entitled  "Man-Machine  Synergy," 
we  will  continue  our  collaboration  with  the  Hungarian  Academy  of 
Science's  Computer  and  Automation  Research  Institute.  We  will 
start  the  second  phase  of  a Computer  Aided  Design  research 
project  in  interactive  t Linking  die  design.  We  plan  to  use  this 
demanding  application  as  a typical  useful  production  program  to 
test,  benchmark,  and  improve  our  sopiiist  ic.ited  facilities:  high 
level  languages  and  graphics  primitives,  host/sitellite  dynamic 
distributed  processing,  lower  level  fixed  function 
multiprocessing  tor  real-time  u 1 1 rady  r.  i :nic  graphics.  Only  by 
taking  a real  application  will  we  be  anlc  to  assure  ourselves 
that  our  distributed  ptccessing  tccls  and  methodologies  work  and 
are  cost-effective;  there  can  be  no  technology  transfer  to  other 
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qroups  and  conf ijuraticr.s  until  such  a convincinq  (lewonstration 
has  takon  place. 

Also,  durinq  tlie  comiiiq  year,  Kt;  plan  to  help  Drown 
nio-Medical  Department  with  their  IJIli  yrant,  # NS  13031-01, 
"Structure-function  Analysis  of  Sinqle  Cortical  Neurons".  Usinq 
our  powerful  qraphics  facilities  in  conjunction  with  ICOPS,  they 
plan  to  reconstruct  tnree  dimensional  imaqos  of  cortical  neurons 
from  serial  sections.  Ifese  imaqes  will  then  be  used  to  analyze 
the  synapses  on  each  seqraent  of  the  dendritic  tree.  The  input 
phase  of  the  system  is  beinq  implemented  on  our  qraphics 
satellite  as  a stand-alonf?  application,  but  the  full  analysis 
packaqe  will  require  tfe  coraputinq  lacilitios  available  on  the 
Drown  360  host  as  well.  ICCPS  will  allow  tiio  applications 
proqrammer  to  use  the  full  power  of  dynamic  load  baiancinj  to 
achieve  optimal  response  time  and  minimize  ccinputinq  costs. 


AND_THESED_FOP_TilE_PERIOD 


A.  PUBLISHED  PAPERS 


"Experience  with  Distribute^.  Processinq  on  a liost/Sa  tellite 
(Graphics  System",  J.  .Sichel  and  A.  van  Dam,  ACa  SICjCPAPH  JO,  2, 
J u 1 y , 1 J 7 6 . 


E.  REPORTS 


"SIMALE  Assouibler,  User's  Cuide",  F:.H.  Burns,  danuary,  1S76. 


"ALCOL-W  Reference  Manual",  c.  Sorqie,  Project  Manual,  July, 
1976. 


"Programmer’s  (Juide  to  ALGOL-U",  !1.  Koslow,  Project  Manual, 
August,  1976. 


"The  SlilALE  Staii'hird  Craphics  Packaqe",  Preliminary  Uoscr  i ption, 
P.M.  Burns  ami  H.ti.  Webber,  DffCGmber,  1976. 


"Brown  Univorsity  Graphics  Gysteni  (sUGS)  Overview",  Project 
Manual,  updated  December,  1976. 


C.  THESES 


"An  ALGOL-W/360  to  M4A  Cross  Compiler",  C.  Sorqie,  Masters 
Thesis,  Drcwn  University,  dure,  1)76. 
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